INTRODUCTION
The irregular pulsations with relatively low frequencies that occur in connection with magnetospheric substorms are called Pi2 pulsations and have periods ranging from 40 sec to 150 sec (Saito 1969 ). Pi2 pulsations have many important characteristics: (1) they can be observed at almost all local times in the nightside region and even in the dayside region (Sutcliffe & Yumoto 1989 , 1991 , (2) they are almost compressional wave events (Lee 1998) , and (3) they are frequently observed in low-latitude regions in both ground-and satellite-based measurements (Lee 1998) .
The excitation and propagation mechanisms of Pi2 pulsations are still important subjects in the area of magnetospheric ultra-low-frequency waves. Keiling & Takahashi (2011) introduced generation mechanisms for Pi2 pulsations separated by a source region; these mechanisms comprise the inner-and outer-magnetospheric models. The inner-magnetosphere model consists of three mechanisms: Plasmaspheric Cavity Resonance (PCR), Plasmaspheric Virtual Resonance (PVR), and the plasmapause surface mode phenomenon. PCR waves are defined as fast mode waves trapped between the plasmapause and the ionosphere. In this model, the plasmapause, as the outer boundary, acts as a perfect reflector with a sharp inward density gradient (Allan et al. 1986; Zhu & Kivelson 1989; Lee 1996; Ghamry et al. 2011 Ghamry et al. , 2012 Jun et al. 2013; Hamada et al. 2015) . Lee (1998) developed an analytic PVR model by modifying the model used to analyze quantum mechanical potentials. Some simulations and observational studies were subsequently reported about PVR (Lee & Kim 1999; Lee & Lysak 1999; Takahashi et al. 2003; Kim et al. 2005; Lee & Takahashi 2006; .
In addition to Pi2 pulsations that are associated with substorms, Sutcliffe (1998 Sutcliffe ( , 2010 studied Pi2 pulsations that occurred in the absence of substorms. Lyons et al. (1999) showed that Poleward Boundary Intensifications (PBIs) occurred without substorm signatures and that each PBI accompanied Pi2 activity enhancement. Nose et al. (2003) investigated a morningside Pi2 pulsation that occurred in the presence of a clear substorm. They concluded that plasmaspheric cavity mode resonance was the source of this pulsation.
In this paper, we discuss a morningside Pi2 pulsation that occurred in the absence of a substorm in very quiet geomagnetic conditions (Kp = 0). We focus on the event that occurred at 05:38 UT on December 8, 2012, which was observed by Van Allen Probes A and B (VAP-A and VAP-B, respectively) and the low-latitude ground station at Abu Simbel in Egypt. The organization of this paper is as follows. In section 2, the data sets are described. The observations are presented in section 3 and discussed in section 4. Section 5 gives the conclusions.
DATA SETS
We used the electric and magnetic field data from VAP-A and VAP-B. These twin spacecraft, which were launched on August 30, 2012, have near-equatorial orbits with apogees near L ~ 6 and contain comprehensive suites of particle and field sensors designed to study the Earth's radiation environment (Mauk et al. 2013) . They have identical triaxial fluxgate magnetometers capable of measuring 64 vectors per second (Kletzing et al. 2013) . Their ∼9 hr orbits are also nearly identical, and the slight differences between their orbits allow them to overlap with one another and vary the distance between the two spacecraft.
The Electric and Magnetic Field Instrument Suite and Integrated Science (EMFISIS) instrument (Kletzing et al. 2013 ) is used to obtain magnetic field data. The EMFISIS magnetic field data are rotated from the Geocentric Solar Magnetospheric (GSM) coordinate system into a mean field-aligned coordinate system. This decomposition allows the dominant magnetic field wave polarization to be identified as toroidal (azimuthal), poloidal (radial), or compressional (parallel). In this system, ez is in the direction of the mean magnetic field, ey (eastward) is parallel to ez × r, where r is the position vector of the satellite relative to the center of the Earth; and ex (radial) is given by ex = ey × ez. The parallel magnetic field component δBz is defined as Bz (1 sec) minus Bz (5 min average) and is the high-pass filtered compressional component.
Magnetic field measurements from the Abu Simbel magnetic observatory are used to detect low-latitude Pi2 pulsations. The time resolution of the magnetic fields measured both at Abu Simbel and by VAP-A and VAP-B is 1 sec. The provisional auroral electrojet indices AE and AL are measured with 1 min resolution and are used to determine whether low-latitude Pi2 pulsations are associated with substorm activity.
OBSERVATIONS
In order to examine the geomagnetic activity and the low-latitude magnetic field variations at the onset of the Pi2 pulsation, we plotted AE and AL and the ground magnetometer data from Abu Simbel, as shown in Figs. 1(a) and 1(b), respectively, from 05:00 UT until 07:00 UT on December 8, 2012. Fig. 1(d) shows the X-component of the dynamic spectrum measured at Abu Simbel. The dynamic spectrum was obtained by first differencing the 5 sec time series. The Fourier transform was calculated using a time window of 10 min and shifting it by 25% in successive steps. The spectrum was smoothed in the frequency domain by using five-point averages of the raw spectral estimates.
Although AL becomes negative near 05:38 UT, its magnitude remains very small (<35 nT), significantly less than that during a typical substorm. During this time, the X-component of the Pi2 pulsation measured at Abu Simbel also becomes slightly negative. Therefore, a substorm current wedge did not form during the Pi2 event (Clauer & McPherron 1974) . Based on these observations, we suggest that the Pi2 pulsation presented in Fig. 1 occurred in the absence of substorms. 3(a)-3(c) through the peak of the Abu Simbel X-component. We found that the poloidal magnetic field and δBz variations observed by both VAP-A and VAP-B were nearly identical to the X-component oscillations measured at Abu Simbel, indicating that the pulsations observed in space and on the ground were excited by a common source. The δBz oscillations measured by VAP-A and VAP-B are nearly in phase with those measured on the ground, suggesting that the poloidal wave was radially standing (Kim & Takahashi 1999; Takahashi et al. 2001 Takahashi et al. , 2003 . The amplitude of the δBz oscillations measured by VAP-B is larger than that measured by VAP-A, though the oscillations have the same wave packet structures. The amplitude difference could have resulted from the fact that VAP-B was closer to the node of the fundamental δBz perturbation mode.
Figs. 4(a)-4(c) show the power densities of δX at Abu Simbel, δBz at VAP-A, and δBz at VAP-B, respectively, for the time interval from 05:30 UT to 06:00 UT. The spectral parameters were computed using five-point smoothing in the frequency domain. All three power spectra are strongly enhanced in the 6-15 mHz frequency band, with the peak enhancements occurring at ~12 mHz.
DISCUSSION AND CONCLUSION
All previous studies have concluded that dayside Pi2 pulsations are common phenomena at low latitudes. Dayside Pi2s were first studied by Yanagihara & Shimizu (1966) . Sutcliffe & Yumoto (1989) reported that 83% of nightside Pi2s can be concurrently identified on the dayside at low latitudes but that the occurrence dramatically decreases at midlatitudes on the dayside. Sastry et al. (1983) and Shinohara et al. (1997) reported equatorial enhancement of dayside Pi2s. Sutcliffe & Yumoto (1991) confirmed that the spectra of dayside and nightside Pi2s are almost identical. They concluded that dayside Pi2s originate from plasmaspheric cavity modes. Shinohara et al. (1997) found that the amplitudes of Pi2s are enhanced during the daytime at the dip equator. They suggested that dayside and nightside Pi2s in equatorial and low-latitude regions could be explained by instantaneous penetration of electric field variations from the nightside polar ionosphere to the dayside equatorial ionosphere and direct incidence of compressional oscillations from the nightside inner magnetosphere, respectively.
Two scenarios have been proposed as possible sources of low-latitude dayside Pi2 pulsations (Ohnishi & Araki 1992) . The first is the global cavity mode, in which the magnetospheric signal propagates as a fast-mode wave, so the oscillations observed on the ground and by low-altitude satellites will be in phase. The second is propagation of electric field oscillations through the ionosphere-ground waveguide. In this case, the electric field drives currents in the ionosphere, and the magnetic field perturbations produced by the currents will oscillate out of phase when observed below and above the ionosphere .
Pc4 pulsations, whose periods (45-150 sec) have nearly the same range as that of Pi2 periods (40-150 sec), generally exit in the dayside magnetosphere. Thus, Pc4 pulsations mask Pi2 activities and cause difficulty in identifying dayside Pi2 pulsations. Yumoto (1986) and Odera (1986) documented that dayside Pc4 pulsations depend on the solar wind speed and the cone angle of the Interplanetary Magnetic Field (IMF), where the cone angle is equal to cos -1 (abs(Bx)/B), where B is the magnetic field magnitude . Fig. 5 presents the solar wind data for the period 04:00-07:00 UT on December 8, 2012. From top to bottom, the solar wind speed; X, Y, and Z components of the IMF; total IMF; and IMF cone angle are shown. Between 05:30 UT and 06:00 UT (the period of the investigated Pi2 event), the solar wind speed is around 275 km/s, which is slower than the average solar wind speed of 400-450 km/s. The IMF cone angle is around 130°. These conditions (i.e., slow solar wind and large IMF cone angle) are unlikely to excite Pc4 pulsations . Therefore, it can be concluded that the pulsation detected in space and on the ground on the morning side on December 8, 2012 was a Pi2 pulsation. Nose et al. (2003) reported for the first time that plasmaspheric cavity mode resonance resulting from Pi2 pulsations caused by substorms can exit on the morning side. In this paper, we report for the first time the existence of plasmaspheric cavity mode resonance on the morning side resulting from a nonsubstorm Pi2 pulsation. We investigated the Pi2 pulsation that occurred at 05:38 UT on December 8, 2012 using data obtained by VAP-A and VAP-B and at the Abu Simbel ground station. At the time of the Pi2 event, VAP-A was in the plasmasphere, while VAP-B was outside of it. VAP-A and VAP-B observed Bz oscillations that were highly coherent with the X-component measurements obtained at Abu Simbel. The oscillations observed by the satellites were in phase with those measured on the ground. Therefore, we concluded that the Pi2 pulsation observed on the morning side was caused by cavity resonance mode rather than ionospheric current systems.
